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ABSTRACT 


Observations of the plasmapause have now been achieved 
by a variety of techniques - ground based reception of Whistlers, 
and in-situ observations by mass spectrometers, retarding ana- 
lyzers, and VLF receivers. Comparisons of some of these ob- 
servations are made and it is concluded that the details of 
the plasmasphere boundary and the thermal plasma density beyond 
the plasmasphere are more variable than the idealized plasma- 
sphere model would suggest. 


Carpenter, in a classic paper published in 1966, described 
the plasma surrounding the earth as contained in a ”plasma- 
sphere” having a sharply defined outer boundary, beyond which 
the plasma density was of the order of 1/cm . His results 
were derived from Whistler dispersion observations which are 
somewhat dependent on the model plasma distribution assumed 
within the plasmasphere and which tend to emphasize the plasma 
distribution near the magnetic equatorial plane. In addition, 
the acquisition of Whistler data from a specific region in space 
is dependent upon the probability of propagation of Whistler 
through the particular region. 

Recently a number of spacecraft carrying retarding analyzers, 
mass spectrometers, and VLF receivers have traversed the plasma- 
sphere/plasma trough region obtaining data along specified 



trajectory paths. In this note we compare results obtained by 

various experimenters which demonstrate that the plasma density 
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in the trough region may not always be the 1 ion/cm stated in 
the idealized model. 

In a recent paper Harris, Sharp and Chappell Cl970] have 
criticized the IMP II electron results [Serbu and Maier, 1966a] 
for . . . ’’not [having] always clearly shown the presence of the 
plasmapause” . Their criticism is along the same general lines 
expressed by Gringauz [1969]... ”In the interpretation of the data 
from this experiment (IMP II electron measurement) the authors 
(op. cit.) did not detect the knee in the distribution of charged 
particle density”. These criticisms are based in part on our 
statement ... ”as can be seen, neither of the density profiles 
of Figure 4 and 5 indicate a knee-type of fall-off in the region 
from 3 to 5 R p ; in fact, our density of 5 R is just about a 
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factor of 10 above that reported by Angerami and Carpenter [1966]”. 

Experimental evidence obtained first with the Pioneer I 
Quadr ispher ical Plasma Probe by Wolfe et al. [1967] and later 
with the Explorer 35 Retarding Potential Analyzer by Serbu 
[1969] indicates that as a consequence of solar particle and 
ultraviolet radiation a secondary electron sheath may envelop 
a sunlit spacecraft. The density of the photoelectrons can 
exceed the density of the ambient electrons and as a consequence, 
a valid measurement is not easily made in regions of very low 
electron density. Whipple and Parker [ 1969a] have developed 
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the theoretical response function for a Retarding Potential 
Analyzer experiment operating in a tenuous plasma in sunlight. 
They show that the response characteristic for the electron 
current-voltage (I-V) curve contains a primary, or ambient, 
component and a secondary emission component. Using experi- 
mental data from the OGO-I spacecraft, in the solar wind 
region, they also show that some of the secondary electrons 
are in ballistic trajectories escaping from and returning 
to the spacecraft, and moving with thermal energies in the 
range from 1 to 5 eV. Correcting our IMP-11 Cop. cit.] electron 
density values for the secondary component will not significantly 
change the shape of the electron density profiles within the 
plasmasphere ; however, it will result in density values lower 
than originally reported for the region beyond the plasmapause. 
Structure in the density at the plasmapause is evident in data 
published by us Cserbu and Maier, 1966a], but due to the edi- 
torial requirement for brevity these profiles were omitted 
from the Journal of Geophysical Research publication. Note 
that Carpenter’s [1966] original definition for the ’’knee” was 
a variation in the plasma density of 100 to 1 over a radial 
distance increment of 0.1 R_. We used this definition in 
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noting the absence of a ’’knee” in our Figure 4 and 5 [op. cit.] 
data . 

There is a large body of published data which we cite in 
support of our claim [Serbu and Maier, 1970] that the plasma 
density on the far side of the plasmapause exceeds the value 
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of 1 electron/cm given by Carpenter [op. cit.], see Figure 1. 
Chappell et al. [1970] claim to establish as a final value a 
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density of <10 cm for the plasma trough region. In Figure 2 

we present their spectrometer data from 0G0-5 which clearly 
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shows a density of 100 ions/cm at L = 9. 

Carpenter et al. [1969] presented the data of Figure 3 

which shows the simultaneous V.L.F. and ion mass spectrometer 

data used to detect the plasmapause on July 5, 1966. They have 

identified the plasmapause at 4.6 Rg , where the observed ion 

density drop-off is a factor of 8 over a radial distance of 

0.5 R_. The plasma trough density measured on July 5, 1966 
£ 
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was in the range from 100 to 20 ions/cm , which is also at 
variance with the criteria set up by Chappell et al. [op. cit.] 
for the plasma trough value of <10 ions/cm . In Figure 4 we 
present the density data of Bezrukikh [1968] obtained from 
Electron 4. In the author’s own words ... "The distribution 
of n^, presented in Figure 6, gives grounds to believe that 
at the geomagnetic latitudes cp > 45° the actual distribution 
of charged particle density in some cases may considerably 
differ from the idealized model, suggested by Carpenter [1966]”. 

In Figure 5 we present data of Vasyliunas [1968] which we 
offer in heuristic support to our contention for the intermittent 
existence of higher densities in the trough region. The mean 
electron energy versus density data of OGO-I and Vela [Bame et al. 
1967] indicate that within the region of the plasma trough the 
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density at 10 eV should be in the range 15 to 100 cm . We see 
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no reason for assuming that the generalized Maxwellian distri- 
bution function derived by Vasyliunas to adequately describe 
the energy density relationship as measured from 10,000 eV to 
30 eV should require an abrupt modification at 10 eV. 

Thus, we conclude there is evidence to indicate that the 
morphology of the plasma trough is both time and space de- 
pendent. In addition the plasma trough position and the 
character of the boundary may be dependent upon the energy 
interval used in the observation. At equatorial latitudes 
thermal particles, viz. the plasma component observable through 
Whistlers, have a temporal and spatial structure which at times 
agrees with and at other times is markedly different from that 
observed at higher energies [Schield and Frank, 1969] or at 
greater latitudes, Bezrukikh op. cit. For particles of energies 
less than 10 eV, there may exist external mechanisms such as 
photoemissions, secondary emission and spacecraft potential 
changes which can bring about a shift in the energy interval 
of the observation. Whipple and Parker [1970] calculate that 
for experiments which sample the ambient plasma more than one 
order of magnitude effects can be caused by small changes in 
the spacecraft potential. Results from long tern observations, 
Serbu and Maier op. cit. and Taylor [1970] indicate that a 
high degree of variability exists in the plasma trough structure, 
that is, in the density, density gradients and location of the 
drop-off . 
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The idealized model for the Thermal Plasma (E - 1.0 eV) 
particle density within the Magnetosphere. In this 
presentation ’’Plasmapause” was used synonymously 
with "knee” by Carpenter [1966]. 

The Magnetosphere ion density as a function of L, 
observed with a light ion mass spectrometer aboard 
the OGO-5 spacecraft. Chappell et al. Ll970]. 

The simultaneous V.L.F. and ion mass spectrometer 
data which were used to detect the plasmapause on 
July 5, 1966. Carpenter et al. Ll969]. 

The Electron 4 measurements of ion density as a function 
of radial distance; these observations were conducted 
at geomagnetic latitudes <p > 45°. Bezrukikh Ll968]. 

The density of Low-Energy Electrons (10 KeV - E - 30 eV) 
in the ’’Plasma Sheet” region of the Magnetosphere 
observed with the 0G0-I and Vela satellites. Lines 
of constant energy density for three values of 
’equivalent field strength' are also shown. Vasyliunas 
[1968] . 



REFERENCES 


Angerami, J.J. and D.L. Carpenter, Whistler Studies of the 

Plasmapause In the Magnetosphere -2., J. Geophys. Res., 

71, 111-125, 1966. 

Bame, J.R. , H. E. Asbrldge, H.E. Felthauser, E.W. Hones, and 

I. B. Strong, Characteristics of the Plasma Sheet in the 
Earth's Magnetotail, J. Geophys. Res., Vol . 72, 113-129, 
1967. 

Bezrukikh, V.V. , Results of Measurements of the Density of 

Charged Particles in the Earth's Plasma Envelope Carried 
Out From Satellites Electron 2 and Electron 4, presented 
at the International Symposium on the Physics of the 
Magnetosphere, Washington, D.C. , Sept. 3-13, 1968. Sub- 
mitted to Kosmich. Issled., 1968. 

Carpenter, D.L. , Whistler Studies of the Plasmapause in the 
Magnetosphere -1., J. Geophys. Res., 71, 693-709, 1966. 
Carpenter, D.L. , and C.G. Park, H.A. Taylor, Jr., and H.C. 

Br inton, Multi -Experiment Detection of the Plasmapause 
from E0G0 Satellites and Antartic Ground Stations, J. 
Geophys. Res., 74, 1837-1847, 1969. 

Chappell, C.R. , K.K. Harris, and G.W. Sharp, A Study of the 
Influence of Magnetic Activity on the Location of the 
Plasmapause as Measured by OGO 5, J. Geophys. Res., 75, 
50-56, 1970. 

Gringauz, K.I., Low-Energy Plasma in the Earth's 

Magnetosphere, Magnetospheric Physics, edited by Donald 

J. Williams and Gilbert D. Mead. Published by the American 
Geophysical Union as Reviews of Geophysics, Vol. 7, 



February-May , 1969. 

Harris, K.K. , G.W. Sharp, and C.R. Chappell, Observations of 
the Plasmapause from OGO 5, J. Geophys. Res., 75, 219- 
224, 1970. 

Serbu, G.P. and E.J.R. Maler, Low-Energy Electrons Measured 
on IMP 2, J. Geophys. Res., 71, 3755-3766, 1966a. 

Serbu, G.P., E.J.R. Maler, Low Energy Electrons Measured on 

IMP-II , Goddard Space Flight Center document X615-66-92, 
January, 1966b. 

Serbu, G.P., Explorer 35 Measurements of Low-Energy Plasma In 
Lunar Orbit, J. Geophys. Res., 74, 372-376, 1969. 

Serbu, G.P. and E.J.R. Maler, Observations from OGO-V of the 
Thermal Ion Density and Temperature within the Magneto- 
sphere, submitted J. Geophys. Res., also published as a 
Goddard Space Flight Center Document, X615-70-34, 1970. 

-Schield, M.A. , and L.A. Frank, Inner Edge of the Plasma Sheet, 
Submitted to J. Geophys. Res. , University of Iowa Document 
No. 69-46. 

Taylor, H.A. , private communications, 1970. 

Vasylulnas, V. M. , A Survey of Low-Energy Electrons In the 

Evening Sector of the Magnetosphere with OGO 1 and OGO 3, 

J. Geophys. Res., 73, 2839-2884, 1968. 

Wolfe, J. H. , R. W. Silva, and D.D. McKibbin, The Interplanetary 
Solar Wind Electron Characteristics, Trans. Am. Geophys. 

Union, 48, 182, 1967. 

Whipple, E.C. Jr., and L.W. Parker, Theory of an Electron Trap 

on a Charged Spacecraft, J. Geophys. Res., 74, 2962-2971, 1969. 


Whipple, E.C. Jr., and L.W. Parker, Effects of Secondary Electron 
Emission on Electron Trap Measurements in the Magnetosphere 
and Solar Wind, J. Geophys. Res., 74, 5763-5774, 1969. 




LOCAL TIME 10*26 10*36 10*47 11*03 11*24 11*53 12*43 14*30 














Electron - 



Figure 





ELECTRON DENSITY, CM 





